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We review results on several interesting phenomena in warped compactifications of
M theory, as presented at Strings 2000. The behavior of gauge fields in dimensional
reduction from d+1 to d dimensions in various backgrounds is explained from the point of
view of the holographic duals (and a point raised in the question session at the conference
is addressed). We summarize the role of additional fields (in particular scalar fields) in
5d warped geometries in making it possible for Poincare-invariant domain wall solutions
to exist to a nontrivial order in a controlled approximation scheme without fine-tuning
of parameters in the 5d action (and comment on the status of the singularities arising
in the general relativistic description of these solutions). Finally, we discuss briefly the
emergence of excitations of wrapped branes in warped geometries whose effective thickness,
as measured along the Poincare slices in the geometry, grows as the energy increases.
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1. Introduction
Generic general-relativistic spacetime backgrounds with d-dimensional Poincare in-
variance have a metric of the form
e2A(y)ηµνdx
µdxν +HIJ (y)dy
IdyJ (1.1)
where µ, ν = 0, . . . , d− 1. Canonical examples in M theory with a nontrivial warp factor
e2A(y) include heterotic compactifications with (0, 2) worldsheet supersymmetry [1], com-
pactified Horava-Witten theory [2], AdSd+1 and its relevant deformations, linear dilaton
theories such as for example the NS5-brane solution [3] and the conifold singularity [4][5],
and no doubt many more solutions yet to be discovered with less supersymmetry.
Many warped backgrounds have non-gravitational holographic duals [6], but most have
no known equivalent “boundary theory”. Almost all of these backgrounds have curvature
singularities and/or strong coupling at some finite proper distance from a generic points
on the component of the geometry parameterized by yI , so that general relativity breaks
down in this region of the background.
It is important and interesting to understand as precisely as possible the physics of
this type of background, in particular to see if any new phenomena emerge from the warped
shape of the spacetime. In this talk I will review results on three aspects of this physics:
(1) The behavior of gauge fields
(2) The role of for example scalar fields in making possible, to the leading order in a
controlled approximation scheme, solutions with Poincare invariance even after some non-
trivial quantum corrections to the vacuum energy have been included, and
(3) The behavior of massive states coming from wrapped branes in this sort of geometry:
in particular one finds a new corner of the theory where excitations can be seen to grow
in size as they grow in energy as a consequence of the warping in the metric (1.1).
2. Gauge Fields
If we focus on cases where the warping occurs along a single direction y, the low energy
effective action (to the extent that it is reliable) takes the form
S =
∫
ddxdy
√
g
(
a(φ)R+ b(φ)(∇φ)2 + c(φ)F 2 − Λ(φ)
)
. (2.1)
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If the integral over y of the Einstein term is finite one obtains a finite d-dimensional
Planck scale and “trapped gravity” [7]. This holds also for a d-dimensional graviphoton
that arises from a d+1-dimensional two-form potential, as demonstrated recently in [8]. On
the other hand if there is a d+1-dimensional vector potential, the dimensional reduction of
its kinetic term might give a divergence independent of what is going on with the graviton
kinetic term. In particular in the
∫
ddxdyF 2 term there are two powers of the inverse d+1-
dimensional metric as opposed to the single power of gµν in the dimensional reduction of
the Einstein term.
The coefficient of the d-dimensional gauge kinetic term 1
e2
d
∫
ddxtrF 2 is the inverse
effective gauge coupling (charge) squared of the d-dimensional gauge theory. If the effective
gauge coupling in d-dimensions is zero, then one might naively infer that this symmetry
behaves like a global symmetry rather than a gauge symmetry after dimensional reduction.
This would be very surprising since the black hole no-hair theorems, at least in contexts
where they have been studied, indicate that information about global charges is lost in
processes in which the black hole absorbs particles which carried this charge. On the
other hand in this context, where the symmetry is a bona fide gauge symmetry in d + 1
dimensions, the charges must be conserved.
In [9] we found that in several known examples of warped geometries in which 1
e2
d
diverges, this divergence is either indicative of a conventional screening effect or the effective
theory (2.1) breaks down at some y < ∞ where new behavior takes over that also has a
conventional behavior in the IR of the d-dimensional description of the physics.
The simplest example is the cutoff AdS5 background studied by Randall and Sundrum
[7]. In this background, A(y) = −|y|/L where L is the curvature radius of AdS. The
calculation giving the effective charge in 4d is
1
e24
∼ 1
e25
∫ y0
0
dye−4y/L(e2y/L)2 ∼ y0 (2.2)
where we have introduced an IR momentum cutoff p0 through the relation y0 ∼ Llog(p0L)
following from the metric. The first factor in the integrand comes from
√
g, and the last
from the two powers of the inverse metric involved in forming trF 2.
So we are finding
1
e24
∼ 1
e25
Llog(p0L) (2.3)
This logarithmic IR divergence is the result one would expect from screening of the charge
from the 4d description (as first pointed out to us by E. Witten, and as first noted in
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papers of Pomaral [10]). This interpretation is confirmed by an explicit calculation of the
electrostatic potential arising from a point source of charge at y = 0:
A0(p, y = 0) = −QK1(pL)
2K0(pL)
→p→0 Q
p2logp
(2.4)
Similarly one finds a generalization of the screening effect to higher dimensions and
higher-form fields. In dimension d, for a q-form field strength, as a function of IR momen-
tum cutoff p0, we find
1
e2q
∝ eRL (2q−d) ∼ 1
p2q−d0
2q 6= d
R ∼ log(p0) 2q = d
(2.5)
At the conference, M. Duff asked about the consistency of this result with the pos-
sibility of dualizing q-form field strengths to 5 − q-form field strengths. For example a
scalar field η with a 1-form field strength would be dual to a 3-form potential field C with
a 4-form field strength. The latter, from (2.5), gives a mode with zero charge upon di-
mensional reduction; whereas a scalar field, like gravity, is left with nontrivial interactions
after dimensional reduction.
I believe the answer to this is as follows (this result was obtained in collaboration
with M. Schulz). The equation for dualizing a form, for example dη = ∗dC, is a linear
differential equation which locally has a solution. There is no guarantee, however, that
this solution is nonsingular everywhere.
Consider the equation for a scalar field in the background (1.1). A massless mode in
4d satisfies the equation
η′′ + 4η′A′ = 0 (2.6)
where primes denote differentiation with respect to y. One obvious solution is the zero
mode, η = η(x) independent of y. This is the mode which gets “trapped” upon dimensional
reduction, with a finite kinetic term. As noted by Duff in his question, this cannot be the
solution dual to the three-form potential.
There is another solution to (2.6), which becomes singular at the AdS horizon in the
RS geometry. Integrating (2.6), this solution satisfies
η′ = ηˆ(x)e−4A(y) (2.7)
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For the RS geometry, this yields
η ∼ ηˆ(x)e+4y/L (2.8)
The dimensional reduction of the kinetic term for this scalar goes like
∫ y0
0
dye−4y/L(e4y/L)2 ∼ e4y0/L (2.9)
from one power of
√
g and two powers of e+4y/L from the solution (2.8) appearing in the
quadratic action for η.
This is the same divergence which arises for the dimensional reduction of the standard
zero-mode solution for the three-form potential C, which goes like
∫ y0
0
dye−4y/L(e2y/L)4 (2.10)
from one power of
√
g and four powers of the inverse metric required to form the square
of the four-form field strength. So the second solution (2.8) for the scalar is evidently the
one dual to the zero-mode of the three-form potential.
Consider the N -NS 5-brane solution of type II string theory [3]. It has a string-frame
metric and dilaton
ds2 = dx26 + dr
2 + l2sNdΩ
2
3
φ = αr
(2.11)
with α = 1/ls
√
N .
The string-frame ten-dimensional action is
∫
d6xdrdΩ3
[
e−2φ(R+ (∂φ)2) +K2RR
]
(2.12)
where K is the field strength for the RR U(1) gauge field of type IIA string theory, or the
field strength for the 2-form RR gauge potential of type IIB string theory.
In the dimensional reduction, 6d gravity survives (the 6d Planck scale ending up finite
because of the coupling of the Einstein term to e−2φ in string frame). On the other hand
the RR gauge field effectively propagates in seven flat dimensions according to the metric
(2.11) since its kinetic term is independent of φ. This is not a screening phenomenon in
6d.
The resolution is that the breakdown of the solution (2.11) down the throat due to
strong coupling effects is important. The IIA NS5-brane is fundamentally an M5-brane
4
at a point on the eleventh circle of M theory [11][12]. This means that deep in the IR
region of the solution the RR gauge symmetry is spontaneously broken, and this Higgs
mechanism wards off the more exotic possibility of a conserved global symmetry persisting
in 6d.
These examples provide further evidence for the robustness of the arguments against
global symmetries in quantum gravity. However, it is interesting to keep one’s eyes out for
more exotic examples that might arise in which a naive divergence in the dimensionally
reduced gauge kinetic term persists into the infrared in a way that cannot be understood
from screening or the Higgs mechanism. In such a background, the black-hole no-hair
theorems would need to be analyzed carefully.
3. Scalars
Let us focus now on the physics of gravity plus scalars, with action in a 5d bulk and
on a 4d δ-function localized brane given by
S =
∫
d5x
√−G
[
R− 4
3
(∇φ)2 − Λeaφ
]
+
∫
d4x
√−g(−f(φ))
(3.1)
We have taken the bulk Λ to be zero to a leading approximation, having in mind bulk
supersymmetry which is only broken at the level of interactions with the brane.
In contrast to the Randall-Sundrum system, this one has 4d Poincare-invariant solu-
tions for generic brane tension f(φ) [13]. The solutions in the bulk are:
φ(y) = ±3
4
log|4
3
y + c|+ d (3.2)
A(y) =
1
4
log|4
3
y + c|+ d˜ (3.3)
At y = −34c, this configuration has curvature singularities: general relativity breaks down
near these points.
Einstein’s equations at the wall at y = 0 (which boil down to Israel matching condi-
tions there) are solved by adjusting the values of integration constants c, d, not by tuning
parameters like f(φ) in the Lagrangian. So quantum corrections to f(φ) will not ruin
the fact that there is a flat solution. This is perhaps encouraging, since in M theory all
indications are that one does not have the freedom to tune parameters in the theory (there
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being no arbitrary dimensionless couplings put in); we at most have the freedom to choose
among different solutions of the basic equations (still to be determined!) of the theory.
It is therefore an interesting goal to exhibit as a first step a background of M theory
with near-vanishing cosmological term after nontrivial quantum corrections are included, as
also noted recently in [14]. The next (and presumably most difficult) step is to understand
why we live in such a background as opposed to one of the millions of others with large
spacetime curvatures or otherwise unrealistic low-energy physics.
In our examples (3.1)(3.2)(3.3), we must first understand the physics of the singular-
ities that appear in the general-relativistic description of the system. Progress was made
on this front in two directions. Firstly, Horowitz, Low, and Zee found stringy cosmological
solutions with again effectively zero cosmological term independent of the parameters in
the Lagrangian [15]. In these solutions, there are again curvature singularities but they
are null, so that there is no issue of additional boundary conditions needed for modes
emanating outward from the brane.
Secondly, the static solutions above are in some ways analogous to the types of back-
grounds that have been intensely studied recently as deformations of the AdS/CFT corre-
spondence to confining theories (see for example [16]). In those backgrounds, a singularity
in the general relativistic approximation corresponds to the presence of a mass gap beyond
which there are no excitations of the field theory. Just as the presence of a mass gap is
generic to asymptotically free quantum field theory, the presence of a singularity in the 5d
gravity dual in the (bad) general relativistic approximation is generic. That is not to say
that all singular backgrounds of this form are resolved by quantum gravity effects. Indeed,
in this AdS/CFT context the field theory side can only vouch for a discrete subset of the
continuum of apparent singular solutions in the GR description, since at finite N the field
theory has a finite number of vacua. Luckily there are of order e
√
N such vacua.
So the upshot, in this context, is this. Couple a large-N gauge theory to the standard
model in the way that is determined by the addition of a thin domain wall to cut off the UV
end of the gravity dual to the gauge theory. Generically, one can choose a vacuum of the
large-N theory to zero the 4d cosmological term in the full system, up to corrections that
are parametrically suppressed relative to the TeV 4 contribution expected from standard
model loops. These corrections could also introduce instabilities in the system, which
is a problem endemic to these models as well as those of [7](not to mention any string
compactification with approximate moduli).
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Is there any reason this vacuum is preferred? Aside from the partially anthropic
arguments presented in [17][18](where another interesting procedure for finding solutions
of M theory with near-vanishing cosmological term was obtained) I know of no argument
for this at present. One advantage of our setup in the context of the Brown-Teitelboim style
analysis of [17] is that the “discretuum” of different vacua in our case all have manifestly
similar “standard model” physics since this resides on the brane and the bulk is where the
cancellation mechanism arises. As emphasized in [19], this is an important consideration
in entertaining this sort of anthropic explanation for the history.
However, it is worth emphasizing that the actual solutions (3.2)(3.3) considered in [13]
do not asymptote to AdS space in bulk, but instead tend toward flat space far from the
singularity. Therefore they are not dual to a quantum field theory in toto. It is possible
that the regime near the singularity does have an effective quantum field theory dual, since
the warp factor decreases there [20]. In any case it is very interesting to try to understand
the physics of warped geometries which do not have a quantum field theory dual. Related
to this is the question of whether any backgrounds of this type can have sensible physics
in which effective quantum field theory breaks down so that long-distance quantities like
the cosmological constant might be affected naturally by high-energy excitations in the
theory.
I cannot resist adding here more general comments on naked singularities in string
theory. At such singularities, general relativity breaks down. To me this is one of the most
interesting features in a spacetime, since it is an opportunity to learn about physics of
M theory that goes beyond the long-wavelength general relativistic approximation. The
resolution of singularities on the Coulomb branch of gauge theories in Seiberg-Witten
theory [21], in ADE limits of compactifications of type II string theory on K3 [22], at type
II conifold points [23] and their heterotic cousins [24][25][26](just to name a few examples),
involved in a detailed way the physics of non-perturbative excitations of the theory and
nontrivial information about its strong-coupling behavior. Without these many resolutions
of general-relativistic naked singularities, the web of dualities relating different limits of
M theory would not exist. One of the immediate applications of such resolutions has also
been the analysis of controlled topology-changing transitions [5][27][26] in M theory.
For the most general solutions described in this section, it remains to be seen whether
or not the singularities have a (perhaps discretized) resolution, and if so whether a standard
4d effective field theory arises at long distances. (In the above examples, on the order of
a decade passed between the original nakedly singular solutions being written down (for
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the conifold for example in [4]) and the eventual quantum resolution; it is not clear in our
case when all the necessary ingredients will be available to answer this question.) This is
an interesting open question.
4. Wrapped Branes
One of the features of quantum gravity emphasized recently for example in [28][29] is
the fact that at the highest energies, excitations (namely black holes) grow in size as they
grow in energy (mass). This is in stark contrast to the size=1/momentum uncertainty
relation of elementary excitations in quantum field theory. This makes it conceivable that
such high-energy excitations could naturally affect long-distance parameters.
It turns out that warped compactifications constitute another context in which some
excitations grow in size as they grow in energy. In general given a metric (1.1), there
will be wrapped branes on the compact component of the geometry whose mass m0(y)
will depend on y since the volume of the cycle on which the brane is wrapped varies as
a function of y. As measured along the Poincare slices, the energy will be (taking into
account the warp factor as well as the variation of the cycle volume)
E(y) ∼
√
g00(y)m0(y) (4.1)
On the other hand, because of the warp factor, the thickness of the object is rescaled from
its proper thickness r0 because of the warp factor:
R ≡ δx|| ∼ 1√
gii
r0 (4.2)
In [30] concrete examples were exhibited in which both R and E grow in the same
direction, so that
E = TRq (4.3)
for some power q > 0. The spectrum of excitations of these wrapped branes was worked
out in a limit where a Kaluza-Klein analysis was valid.
Any situation in which there is this sort of growth of size with energy suggests that
interesting nonlocal effects might emerge from the dynamics of these excitations. This is
under investigation [31].
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